Abstract. We designed to screen pathogenic genes related to the occurrence and development of oral buccal mucosa cancer by whole genome microarray and analyze the mechanisms of carcinogenesis. The golden hamster model of buccal mucosa cancer was established by induction with DMBA. cRNAs labeled with Cy3 were synthesized and hybridized with Agilent Whole Rat Genome Arrays containing 41,000 genes/ESTs. A Venn diagram analysis was performed to screen the continuously abnormally expressed genes. Our results show 5,255 significantly differentially expressed genes in golden hamster pouch mucosa during the progression of normal buccal mucosa to squamous cell carcinoma, of which 2,896 genes were up-regulated and 2,359 genes were down-regulated. Twenty-two genes were significantly differentially expressed at all stages of buccal mucosa carcinogenesis. Metabolism of xenobiotics by cytochrome P450 and the arachidonic acid metabolism pathway were closely related to each stage of buccal mucosa carcinogenesis. The expression changes of Eaf2, an up-regulated gene, and Ecg2, a down-regulated gene, determined by RT-PCR were consistent with the microarray. In conclusion, expression changes of various genes were involved in different stages of buccal mucosa carcinogenesis. The continuously abnormally expressed genes (Pthlh, Cyp2b13, Serpinb3, Cyp4b1, Ecg2, Btc, Krt10, Eaf2 and Trim2) at all stages of buccal mucosa carcinogenesis are important candidate genes for dynamic observation of the occurrence, development and prognosis of cancer. Searching for various effective inhibitors of xenobiotic metabolism by cytochrome P450 and the arachidonic acid metabolism pathway may suggest a therapy for the treatment and chemoprevention of oral squamous cell carcinoma.
Introduction
There are 274,000 new cases of oral cancer in the world every year (1) . Squamous cell carcinoma accounts for 90% of oral cancer, and buccal carcinoma is one of the most common oral cancers (2) . Although the treatment of oral cancers has markedly improved in recent decades, the 5-year survival rate for buccal carcinoma and other oral cancers is only 55-60% (2) (3) (4) . Therefore, it is of great significance to explore the molecular mechanisms of the occurrence and development of oral mucosa carcinomas and search for effective therapeutic targets.
Current studies (5-7) demonstrate that oral mucosal carcinogenesis is a continuous dynamic process with multiple phases and steps. These changes occur due to expression changes in a number of genes. Different genes may play various roles at different stages of cancer development, but some genes may be continuously abnormally expressed at all stages of cancer development. At present, there are no reports of screening for such continuously abnor-mally expressed genes at all stages of the occurrence and development of oral mucosa (or buccal mucosa) cancer with high-throughput methods. However, it is of great importance to study these continuously expressed abnormal genes: First, changes in gene expression patterns at different stages of carcinogenesis reflect the specificity of the different stages of carcinogenesis, while continuously abnormally expressed genes at all stages of carcinogenesis represented the commonality of carcinogenesis during the whole development process. A comprehensive understanding of the specificity and commonality of the carcinogenesis process would aid in the exploration of further molecular mechanisms in the occurrence and development of buccal mucosa cancer. Second, a comprehensive understanding of the specificity and commonality of different carcinogenesis stages would contribute to the joint screening of effective therapeutic targets for these two aspects of buccal carcinoma. Previous studies also indicate that 80% of oral squamous cell carcinoma developed from precancerous lesions (8) . In the clinic, precancerous lesions usually occur in various parts of the mouth of many patients. Some parts are cancerous, while others are still precancerous. Therefore, a comprehensive understanding of the specificity and commonality of different carcinogenesis stages would help with the selection of therapeutic targets, which not only play a role in the effective therapy of cancer foci, but also in preventing the development of precancerous lesions and the reversion of precancerous lesions. Last, a study of the continuously abnormally expressed genes at all stages of carcinogenesis would help in the screening of effective predictors of cancer occurrence, a dynamic observation of carcinogenesis and the prognosis for this type of cancer.
With the development of microarray technology, especially whole-genome microarrays in recent years, we can comprehensively understand genetic changes during carcinogenesis and screen related pathogenic genes at the global gene expression profile level. Currently, microarray technology has been applied to the study of oral tumor markers (9,10), molecular typing of tumors (11, 12) , drug screening (5) and the comparison of gene expression profiles between cancer tissues and adjacent tissues or normal tissues (13) (14) (15) (16) . However, there are no reports of genome-wide screening of continuously abnormally expressed genes at all stages of the occurrence and development of oral mucosa (or buccal mucosa) cancer.
The experimental animal model of oral buccal squamous cell carcinoma is established by treating Syrian golden hamster buccal mucosa with DMBA (9,10-dimethylene-1,2-benzanthracene) and was first reported by Salley in 1954 (17) . Later studies (18, 19) demonstrated that the animal model not only simulated the pathological changes of human oral mucosal epithelial carcinogenesis but was also similar in growth characteristics and biological behavior. In addition, this animal model has many advantages, such as high stability, good repeatability and the superficial location of the tumor, which is easy to observe and cut. Therefore, this animal model was believed to be a good model for the study of buccal mucosa cancer.
In the present study, the Syrian golden hamster model of oral buccal squamous cell carcinoma was established by induction with DMBA. The Agilent Whole Rat Genome Array containing 41,000 genes/ESTs was used to detect the whole genome expression differences of normal buccal mucosa, precancerous lesions and squamous cell carcinoma. Combined with the bioinformatics analysis, the continuously abnormally expressed genes at all stages of the occurrence and development of buccal mucosa cancer were first screened, which provided a basis for further exploration of molecular mechanisms of the occurrence and development of oral mucosa cancer and the search for effective therapeutic targets.
Materials and methods
Main reagents and equipments. Syrian hamsters (Chengdu Institute of Biological Products, China), DMBA (Sigma, USA), a PCR thermocycler (PTC-100, MJ), an Agilent scanner (G2565AA, Agilent, USA), a spectrophotometer (ND1000, Nanodrop) and single-labeled Whole Rat Genome Arrays (Agilent) were used.
Methods. The establishment of animal models of buccal mucosa cancer. Fifteen male and fifteen female 6-8-weekold golden hamsters, weighing 90-120 g, were divided into groups I, II and III. There were 10 hamsters in each group. The hamsters were immobilized in a homemade rat frame, the cheek pouch was opened, and a 0.5% solution of DMBA in acetone was applied to bilateral cheek pouches with a No. 1 oil pen. The DMBA treatment was performed on Monday, Wednesday and Friday, and lasted for 12 weeks. All hamsters were subjected to food and drink deprivation for 2 h after DMBA treatment. The hamsters were sacrificed at day 0, 6 weeks and 14 weeks after DMBA treatment, and their cheek pouches were removed. From each cheek pouch, half was immediately stored in liquid nitrogen, and the second half was fixed with 10% formalin, paraffin embedded, sliced and then stained with hematoxylin and eosin (HE). Pathological changes were observed using a light microscope. All experimental procedures were approved by the Laboratory Animal Management Committee of Experimental Animal Research Institute.
Extraction and purification of RNA from samples. RNA was extracted from samples of the three groups stored in liquid nitrogen with the Invitrogen TRIzol kit, and purified with the Qiagen RNeasy Kit according to the manufacturer's instructions. Equivalent RNA extracted from samples of the three groups was dissolved in Milli-Q water and stored at -80˚C.
cRNA synthesis and labeling. The extracted RNA from samples of the three groups was single labeled with Cy3 by reverse transcription. The detailed steps were as follows: first, 2 μg RNA and 5 μl primers were added to a 1.5 ml tube, and RNase-free water was added to make a total volume of 11.5 μl. Reactions were mixed well, placed in a 60˚C water bath for 10 min and then in ice water to cool for 5 min. Second, 2 μl DDT at a concentration of 100 mmol/l, 1 μl dNTPs, 4 μl buffer, 0.5 μl RNase OUT and 1 μl MMLV RT were added. Reactions were mixed well, centrifuged and heated to 40˚C for 2 h with a 65˚C thermal lid to synthesize cRNA. Third, the synthetic cRNA was labeled with aaUTP and purified with the Qiagen RNeasy Mini Kit. The concentration of the purified cRNA was measured using a spectrophotometer. Last, the cRNA was fluorescently labeled and re-purified.
Fragmentation of cRNA and chip hybridization. Cy3-labeled cRNA samples from the three groups at a quantity of 875 ng were added to 11-μl blocking agent, 2.2-μl fragmentation buffer and nuclease-free water to a total volume of 55 μl. The cRNA mixtures were heated to 60˚C and held for 30 min to be fragmented. The mixtures were then added to 55 μl 2X GEX hybridization buffer and mixed. A volume of 100 μl was added to the Whole Rat Genome Array and hybridized at 65˚C and rolling at a speed of 10 rpm for 17 h. Then the chip was washed with washing buffer 1 for 1 min and then washing buffer 2 at 37˚C for 1 min.
Chip scanning and data analysis. The three chips were scanned with the Agilent G2565AA fluorescent scanner. The resolution of the scanner is 5 μm. The scanner automatically scanned the chips with 100 and 10% PMT (Opto-coupled device). The two scanning results were merged by the Agilent software and normalized using Feature Extraction. In the present study, the normalized coefficient was 0.853, and the ratio was higher than 3, which is consistent with the experimental success criteria of the Agilent genome microarray.
The criteria for screening the differentially expressed genes were a ratio ≥2 and a ratio ≤0.5.
Bioinformatics analysis. The differentially expressed genes at different stages of carcinogenesis of buccal mucosa were analyzed with a Venn diagram with GeneSpring Software 10.0 (Agilent), and the continuously abnormally expressed genes at all stages of carcinogenesis were identified. The abnormally expressed genes were functionally classified using the classification criteria of Gene Ontology (http:// www.ncbi.nlm.nih.gov/). The signaling pathways involved with these genes were searched by analyzing the KECG, GENMAPP and BIOCARTA databases with the pathway analysis tools supplied by www.biorag.com. The significance of the signaling pathway was determined by P-value (P <0.05), and the meaningful pathways were screened.
Validation of some differentially expressed genes by RT-PCR.
The up-regulated gene Eaf2 and the down-regulated gene Ecg2 were randomly selected from the results of the Venn analysis and validated by RT-PCR. Total RNA was extracted from samples of all three groups according to the instructions of the TRIzol kit (Invitrogen). RNA at a quantity of 1 μg was added to reverse transcriptase and random primers and was reverse transcribed into cDNA in a 20-μl reaction according to the manufacturer's instructions. The PCR amplification reaction was performed as follows: the PCR program was started with pre-denaturation at 94˚C for 5 min, followed by 30 cycles of denaturation at 94˚C for 15 sec, annealing at 55˚C for 15 sec and extension at 72˚C for 20 sec, and ended with a final 72˚C extension for 5 min. PCR primers were designed using Primer 3.0 (Table I) .
Results

Pathological examination at various stages of carcinogenesis.
The results of the pathological examinations by conventional HE staining indicated that samples from groups I, II and III were normal buccal mucosa, precancerous lesions (hyperplasia) and squamous cell carcinoma, respectively (Fig. 1) .
Screening of the significantly differentially expressed genes at various stages of carcinogenesis. There were 5,255 significantly differentially expressed genes in golden hamster buccal mucosa during the progression from normal buccal mucosa to precancerous lesions and then to squamous cell carcinoma. The distribution of significantly differentially expressed genes at various stages of carcinogenesis is shown in Table II . Table I . RT-PCR primers. significantly differentially expressed genes at the two stages of buccal mucosa carcinogenesis analyzed by Venn diagram analysis is shown in Fig. 2 and Table III. Set 7 contained 22 genes (Table III) that were continuously abnormally expressed at all stages of buccal mucosa carcinogenesis.
Bioinformatics analysis
-----------------------------------------------------------------------------------------------------Genes Gene locus Sequences Length of PCR products (bp) -----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
Gene functional classification by gene ontology. Based on the GO functional classification criteria, the results of gene classification suggested that the 22 continuously abnormally expressed genes from Set 7 can be divided into seven major functional groups (Table IV) .
Pathway analysis. Through searching three major databases, two meaningful signaling pathways were found in the 22 significantly differentially expressed genes. Cyp2b13 was down-regulated in both pathways (Table V) .
Validation of some differentially expressed genes by RT-PCR.
Validation results of Eaf2, an up-regulated gene, and Ecg2, a down-regulated gene, are shown in Fig. 3 . The optical density ratio was obtained by dividing the optical density value of PCR products of Eaf2 or Ecg2 with that of the internal standard, GAPDH (Table VI) . The change tendency of the optical density ratio was consistent with the results of the microarray.
Discussion
Our study indicated that 5,255 genes were found significantly differentially expressed during the progression from normal buccal mucosa to precancerous lesions and then squamous cell carcinoma in golden hamsters, of which there were 2,896 up-regulated genes and 2,359 down-regulated genes. Our results demonstrated that buccal mucosa carcinogenesis was a complicated multi-stage pathological process and expression changes of various genes were involved. The aim of our study was to screen continuously abnormally expressed genes at all stages of buccal mucosa carcinogenesis. The results of the Venn diagram analysis and GO functional analysis showed that 22 genes were significantly differentially expressed at all stages of buccal mucosa carcinogenesis, of which there were 7 genes of unknown function (31.8%), 6 metabolism-related genes (27.3%), 3 signal transduction- Table II . The distribution of significantly differentially expressed genes at various stages of buccal mucosa carcinogenesis. Up-regulated  Down-regulated  Total differentially  Comparison between two groups  genes  genes  expressed Precancerous lesions and normal mucosa  747  584  1331  Precancerous lesions and squamous cell carcinoma  1362  619  1981  Squamous cell carcinoma and normal mucosa  787  1156  1943  Total  2896  2359  5255 -----------------------------------------------------------------------------------------------------Figure 2 . Venn diagram analysis of microarray results. Red circle, differentially expressed genes between precancerous lesions and buccal mucosa squamous cell carcinoma; blue circle, differentially expressed genes between normal buccal mucosa and precancerous lesions; green circle, differentially expressed genes between buccal mucosa squamous cell carcinoma and normal buccal mucosa. Table III . The distribution of significantly differentially expressed genes in various sets by Venn diagram analysis. 1  196  434  630  2  0  0  0  3  225  156  381  4  217  52  269  5  314  281  595  6  150  199  349  7  4  18 22 related genes (13.6%), 3 cell structure-related genes (13.6%), 1 transcriptional regulation-related gene (4.6%), 1 adhesionrelated gene (4.6%), and 1 cell differentiation-related gene (4.6%). The results of the pathway analysis suggested that all stages of buccal mucosa carcinogenesis were closely related to the metabolism pathway of xenobiotics by cytochrome P450 and the arachidonic acid metabolism pathway.
-----------------------------------------------------------------------------------------------------
genes -----------------------------------------------------------------------------------------------------
Of the 22 significantly differentially expressed genes at all stages of buccal mucosa carcinogenesis, there were 15 genes with a known function. Previous studies (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) indicated that 9 of the 15 genes were associated with the occurrence and development of tumors or were abnormally expressed in tumor tissues. The up-regulation of the Pthlh gene was reported to promote cell proliferation (20) . Ecg2 is a tumor suppressor gene whose down-regulation may promote cell proliferation and inhibit apoptosis (21) . Serpinb3 was reported to be a member of the serine protease inhibitor family whose down-regulation may inhibit the apoptosis of tumor cells (22) . Cyp2b13 and Cyp4b1 belong to the second and fourth cytochrome P450 family, respectively. They are involved in the metabolism of many carcinogens and toxins and may induce gene mutations and inhibit the expression of some genes (23) (24) (25) . Btc was reported to be a member of the epidermal growth factor family, and its high expression may promote tumor angiogenesis (26) . Krt10 is a marker of epithelial differentiation and its expression gradually decreased during malignant transformation of normal epithelial cells (27) . Miyatake et al reported (28) that the expression of Trim2 was down-regulated in squamous cell carcinoma. Our results indicated that the expression pattern of the 8 genes above was the same as that reported by the previous studies. Xiao et al reported (29) that low expression and allelic loss of Eaf2 were found in prostate cancer, and Eaf2 deficiency may induce lung cancer, B cell lymphoma, liver cancer and prostate carcinoma. However, the expression of Eaf2 was up-regulated in the present study. This discrepancy may be due to different effects of Eaf2 in different tumors or other causes, which require further study. Cao et al reported (30) that an abnormal arachidonic acid metabolism pathway played an important role in the occurrence and development of oral cancer, which was consistent with our results. ONCOLOGY REPORTS 23: 1619 -1624 , 2010 Table IV. Functional classification of significantly differentially expressed genes in Set 7. 
A, normal mucosa of golden hamster; B, precancerous lesions. Table V . Pathway analysis of differentially expressed genes at various stages of buccal mucosa.
-----------------------------------------------------------------Metabolism of xenobiotics by cytochrome P450
0.040 Cyp2b13 Arachidonic acid metabolism 0.012
Cyp2b13 -----------------------------------------------------------------------------------------------------
Although the present study was preliminary and further investigations on genetic polymorphisms, gene networks or protein functions were not conducted, our data combined with previous reports demonstrated that although various gene changes are involved in the different stages of carcinogenesis, the main mechanisms of DMBA-induced hamster buccal mucosa carcinogenesis are as follows: when DMBA, which is a chemical carcinogen with cytotoxicity and genotoxicity, was used to treat the oral buccal mucosa, the ability of cytochrome P450 and the arachidonic acid metabolism pathway to metabolize DMBA was decreased. Disorders of cell metabolism and the toxicity of DMBA may both induce expression changes of metabolism-related genes (such as Cyp2b13, Serpinb3, Cyp4b1 and Ecg2), signal transductionrelated genes (such as Pthlh), cell structure-related genes (such as Krt10) and cell differentiation-related genes (such as Btc), which promote cell proliferation and tumor angiogenesis and inhibit the apoptosis of tumor cells, resulting in the occurrence and development of cancer. Therefore, the continuously abnormally expressed genes (Pthlh, Cyp2b13, Serpinb3, Cyp4b1, Ecg2, Btc, Krt10, Eaf2 and Trim2) at all stages of buccal mucosa carcinogenesis are important candidate genes for dynamic observation of the occurrence, development and prognosis of buccal mucosa cancer. Searching for various effective inhibitors of the metabolism of xenobiotics by cytochrome P450 and the arachidonic acid metabolism pathway may suggest a therapy for the treatment and chemoprevention of oral squamous cell carcinoma.
